This study aimed at testing the fit of continuous probability distributions to a daily reference evapotranspiration dataset (ET0) at a 75% probability level for designing of irrigation systems. Reference evapotranspiration was estimated by the Penman-Monteith method (FAO-56-PM) for eight locations, within the state of Espírito Santo (Brazil), where there are automatic gauge stations. The assessed probability distributions were beta, gamma, generalized extreme value (GEV), generalized logistic (GLO), generalized normal (GN), Gumbel (G), normal (N), Pearson type 3 (P3), Weibull (W), two-and three-parameter lognormal (LN2 and LN3). The fitting of the probability distributions to the ET0 daily dataset was checked by the Kolmogorov-Smirnov's test. Among the studied distributions, GN was the only one to fit the ET0 data for all studied months and locations. We should also infer that continuous probability models have a good fit to the studied ET0 dataset, enabling its estimation at 75% probability through a Generalized Normal distribution (GN). Therefore, it can be used for the sizing of irrigation systems according to a given degree of risk.
INTRODUCTION
defined reference evapotranspiration (ET0) as being the evapotranspiration of a hypothetical crop with a height of 12 cm, albedo of 0.23, and surface aerodynamics resistance of 70 s m -1 . According to SAAD et al. (2002) , ET0 is a fundamental variable for estimation of crop water demand, which will influence on the designing of an irrigation system. However, there have still challenges to set insightfully evapotranspiration role on the designing of irrigation systems. The above-mentioned authors concluded that using solely ET0 monthly averages for irrigation scaling might lead to an underestimation thereof while adopting ET0 maximum daily values can over-estimate them.
The ET0 can be determined by direct and indirect methods. Direct methods include lysimeters, field experimental plots, and soil moisture control. Among the indirect ones are those based on evaporimeters (US Weather Bureau and class A pan), equations (Penman-Monteith, BlaneyCriddle, Hargreaves-Samani, etc) among others.
Among the proposals to determine ET0, we may highlight the one suggested by SILVA et al. (1998) and SAAD et al. (2002) . This directive considers the probability of evapotranspiration to occur, providing an adequate design of an irrigation system. In addition, this method allows the user to choose the degree of risk (non-meeting of crop water requirements) for a given system. In Brazil, a probability of 75% has been taken as acceptable for irrigation projects (ASSIS et al., 2014; BERNARDO et al., 2006) . At this level, it is expected that the amount of evaporated will be greater than the depth designed for the project only once every 4 years.
Given the above, our study aimed to verify the fit of continuous probability distributions to a dataset of daily reference evapotranspiration, at 75% probability, for eight locations within the state of Espírito Santo, for its further use in irrigation system designing.
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MATERIAL AND METHODS
Reference evapotranspiration was estimated for eight locations in the state of Espírito Santo. Each site has an automatic gauge station from where data were gathered. The geographical location of these stations and respective cities to which they belong can be seen on the map in Figure 1 . Table 1 contains information regarding the used automatic gauge stations that belong to the Brazilian Meteorological Institute (INMET).
The meteorological data used were respective to the period between 2007 and 2011. We used a data series relatively small for the stations being in operation only since 2006. FIGURE 1. Location of the automatic weather stations used in the study.
The reference evapotranspiration was estimated by the Penman-Monteith method -FAO-56, as stated by ALLEN et al. (1998) , by means of the following equation:
(1) is the slope of the saturation vapor pressure curve at a T temperature (kPa ºC -1 ), is the psychrometric coefficient (kPa ºC -1 ).
Even though this method requires a great number of climatic elements, it has been widely used as scientific studies have proved its satisfactory performance when compared to lysimetric measurements (OLIVEIRA et al., 2008; BARROS et al., 2009; CAVALCANTE JUNIOR et al., 2011) .
We assessed the following distributions: beta, gamma, generalized extreme value (GEV), generalized logistic (GLO), generalized normal (GN), Gumbel (G), normal (N), Pearson type 3 (P3), Weibull (W), two-and three-parameter lognormal (LN2 and LN3). These distributions are described by NAGHETTINI & PINTO (2007) and HOSKING (2013) .
The probability density function of the gamma distribution is given by: (2) in which, is the form parameter, is the scale parameter, and is the gamma function.
GEV distribution, with a location parameter , scale and form , has the following probability density function:
GLO probability density function with a location parameter , scale , form k, is given by: GN distribution, with a location parameter , scale , form k, has the following probability density function: (7) in which, (8) and is the distribution function of the standard normal distribution.
Gumbel probability density function with a location parameter , scale , form k, is given by:
Normal probability density function is given by: (10) in which, is the location parameter, and is the scale one.
Pearson III distribution with parameters , and , is given by:
Weibull distribution, with location parameter , scale , and form , has the following probability density function:
(13) Lognormal probability density function with parameters, and , is given by:
Lognormal probability density function with three parameters (a, and ) is given by:
(15) Lastly, beta probability density function with parameters and is given by: (16) in which, (17) The parameters of the distributions were estimated by the L-moment method (HOSKING & WALLIS, 1997) . MARTINS et al. (2011) stated that this method has been proposed to estimate parameters of the main probability distributions for hydrological studies. ALVES et al. (2013) ascertained that the L-moment method estimates parameters of similar quality resulting from the maximum likelihood method.
The Kolmogorov-Smirnov a test was used to check the fit of the probability distributions to the ET0 data series (mm day -1 ), at 20% significance level. This level was chosen to make this hypothesis test stricter as an increase in significance level reduces the critical value of the test statistics. The test was performed by following the procedures described by NAGHETTINI & PINTO (2007) .
Once the theoretical probability distribution with a good fit to the ET0 dataset was determined, a probable reference evapotranspiration was estimated as having probability inferior or equal to 75%, i.e. every four years on average. Therefore, the probable ET0 was reached or exceeded, at least once. Table 2 show the results of the Kolmogorov-Smirnov good-fit test for the analyzed distributions, using "ns" for non-significant data at 20% probability (p > 0.20) and "*" for significant data at 20% (p < 0.20). Therefore, we noted that theoretical distributions with p-value above 0.20 had a good fit to the reference evapotranspiration dataset (ET0).
RESULTS AND DISCUSSION
We might also see in Table 2 that GN distribution was the only that fitted to the ET0 dataset (mm day -1 ) for all studied months and locations. Furthermore, it is noteworthy that GEV, P3, GLO, and W distributions had also a good fit to ET0 dataset.
Conversely, gamma, normal, and Gumbel distributions showed a good fit for ET0 data series only in few months of the year, in the studied locations, whereas LN2 and LN3 probability distributions and beta presented no good fit to the dataset for any of the locations under study, as seen in Table 2 .
In a study performed in Bahia state (Brazil), SILVA et al. (1998) observed that the best-fitted probability distributions to the ET0 data were normal, lognormal, and beta. Among the theoretical distributions analyzed by these authors, only the normal one fitted to ET0 data at certain times of the year, within the eight studied locations in the state of Espírito Santo ( Table 2 ).
The GEV distribution fitted to the ET0 data series in virtually every month and sites, except for June and February in Presidente Kennedy and São Mateus, respectively. Likewise, GLO had a similar result to GEV ( Table 2 ).
Considering that GN was the only one to fit the ET0 data (mm day -1 ) in all months and localities (Table 2) , we may see in Table 3 the parameters, Kolmogorov-Smirnov test results (KS) and the estimated ET0 at 75% probability. 6.7 (ns): non-significant at 20% probability by the Kolmogorov-Smirnov test; (1) Location parameter; (2) Scale parameter; and (3) Form parameter. Figure 2 shows the ET0 variation estimated at 75% probability throughout the year. An analysis of the graph in Figure 2 showed that the higher ET0 rates occur from December to February (from 4.8 to 7.9 mm day -1 ), while the lowest ones are between May and July (from 2.2 to 4.1 mm dia -1 ) ( Table 3 ). It is noteworthy that the highest ET0 values match the period of high rainfalls, and the lowest ones with less rainfall when taking into account the results obtained by ULIANA et al. 2013 ).
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In the months of March, April, August, September, and October, ET0 estimated at 75% probability ranged from 3.1 to 6.0 mm day -1 (Table 3 ).
The highest value of ET0 was recorded in January, in Presidente Kennedy (7.9 mm day-1). This outcome was already expected since this area has high wind speeds and temperatures. On the other side, the lowest values were registered in the city of Santa Teresa, located in the highlands of the state.
In light of the role played by the management of water resources in irrigated farming, all the information shown in Table 3 , as well as ET0 behavior throughout the year, are fundamental for estimation of effective irrigation intervals and applied water depth, avoiding irrigation water waste .
In this study, we have solely estimated ET0 rates at 75% probability; however, making use of the parameters of a generalized normal distribution, shown in Table 3 , we can estimate it at other probability levels, enabling the draughtsman to choose a proper degree of risk.
CONCLUSIONS
The Generalized Normal, Generalized Extreme Values, Pearson III, Generalized Logistics, and Weibull distributions showed a good fit to the ET0 data, with Generalized Normal being the one that properly described the data (in mm day -1 ) for all the months and locations under study in the state of Espírito Santo (Brazil).
Continuous probability models can be used to estimate daily reference evapotranspiration associated with a certain level of risk, allowing the acquisition of probable ET0 data for irrigation system sizing purposes.
